Two genes, pepQ and orf2, encoding a prolidase and a prolidase-like protein, respectively, were cloned and characterized from Lactobacillus delbrueckii subsp. bulgaricus. The identity of the pepQ and orfZ genes with the Lactobacillus delbrueckii subsp. lactis prolidase gene (pepQ) was shown to be 98% and 6O%, respectively. Both pepQ and orfZ were preceded by a putative promoter region. Northern analysis of pep0 mRNA revealed a 1.1 kb transcript indicating that pepQ forms a monocistronic transcriptional unit. Under the growth conditions used, no evidence was obtained that orfZ was expressed, either by mRNA size determination in Northern analysis or by primer extension analysis. With reverse transcription-PCR, however, the presence of monocistronic orfZ transcripts was established. The orfZ gene could also be overexpressed in E. coli using the vector pKK223-3. The size of the protein synthesized, 41 kDa, confirmed the molecular mass of OrfZ calculated according to DNA sequence analysis. In contrast to PepQ, which showed a substrate specificity characteristic of prolidase enzymes, no enzymic activity for the orfZ-encoded protein was found with the peptide substrates tested. These results indicate that orfZ is a cryptic gene, which is expressed a t a very low level under the growth conditions used. It is noteworthy that homologues of the Lb. delbrueckii subsp. bulgaricus orfZ and pepQ genes appeared to be present in both Lb. delbrueckii subsp. lactis and Lactobacillus helveticus.
INTRODUCTION
Lactic acid bacteria (LAB) have a limited capacity to synthesize amino acids and are, therefore, dependent on exogenous nitrogen sources for optimal growth. When growing in milk, LAB utilize complex proteolytic systems for the degradation of milk proteins. The biochemical and genetic characterization of these systems from lactococci and lactobacilli have been investigated in a number of laboratories (Kok, 1990; Pritchard & Coolbear, 1993; Tan et al., 1993; Visser, 1993; Kok & De Vos, 1994) , and shown to comprise a cell-envelope-associated proteinase, membrane-bound transport systems and several cytoplasmic peptidases. The manufacture of fermented food by LAB would benefit from a more detailed understanding of proteolysis. In cheese manufacturing, the proteolytic activity of LAB contributes to the ripening process and is known to be essential for the formation of flavour and texture. Peptidases are considered to be particularly important for flavour development. The milk proteins contain a high amount of proline residues which, in free form, give a sweet flavour to cheese (Biede & Hammond, 1979 ; Fox, 1989) . Thus, proline-specific peptidases play a very important role in cheese ripening by degrading proline-containing peptides, which often are bitter, a n d by making peptides accessible to the action of other peptidases by removal of proline residues (Baankreis & Exterkate, 1991) .
Several proline-specific peptidases with distinct substrate specificities have been found in LAB. To date prolinase, prolidase, proline iminopeptidase, aminopeptidase P a n d X-prolyl dipeptidyl aminopeptidase activities have been detected a n d genes responsible for these activities characterized (Fernhdez-Espla et al., 1997; Kunji et al., 1996) . In this work, w e describe two new genes, pepQ a n d orfZ, from Lacto6acillus delbrueckii subsp. 6ulgaricus B14. T h e pepQ gene encodes prolidase activity, whereas orfZ, even though showing high homology to pep&-like genes, was found to have a cryptic function under the experimental conditions used.
METHODS
Bacterial strains, plasmids and culture conditions. Lb. delbrueckii subsp. bulgaricus B14 (Federal Dairy Research Centre, Kiel, Germany) was grown in MRS broth (Difco) at 42 "C. For pH-controlled cultivation, a Biostat B (B. Braun Biotech International) bioreactor was used. The pH was maintained at 6.0 by addition of 1 M aqueous ammonia solution with slow agitation. Lactobacillus helveticus 5317 (Valio) was grown in milk or MRS at 42 "C. Lactobacillus delbrueckii subsp. lactis DSM 20072 (DSMZ) was grown in MRS at 37 "C. Escherichia coli strains DH5aF' (Woodcock et al., 1989) , JMl05 (Pharmacia) and NM514 (Amersham) were grown in Luria broth (L broth) and E. coli strain CM89 (Miller & Schwartz, 1978) in L broth supplemented with 0.3 mM thymine and 0.05 mM thiamin. Erythromycin (0.3 mg ml-l) and ampicillin (0.05 mg ml-l) were added when using the vectors pJDC9 (Chen & Morrison, 1987 ) and pKK223-3 (Pharmacia), respectively, in E. coli. DNA isolation, synthesis and transformation methods. Lb. delbrueckii and Lb. helveticus chromosomal DNA was isolated as described by Vidgren et al. (1992) without a guanidine hydrochloride treatment. Phage DNA was isolated according to the instructions of the cDNA rapid cloning module (LgtlO; Amersham). Plasmid DNA was isolated from E. coli by alkaline lysis with the Wizard (Promega) and FlexiPrep (Pharmacia) DNA purification systems. Oligonucleotides were synthesized with an Applied Biosystems DNA/RNA synthesizer model 392 and purified by ethanol precipitation or with NAP-10 columns (Pharmacia Biotech). For DNA synthesis, performed by PCR, the Dynazyme DNA polymerase (Finnzymes) was used under the reaction conditions recommended by the manufacturer. Other DNA techniques were as described by Sambrook et al. (1989) . E. coli strains were transformed by electroporation using a Bio-Rad Gene Pulser. (Stucky et al., 1995) . For further elucidation and cloning of the missing region of this pepQ-like gene, called here orfZ, a Southern blot analysis of the Lb. delbrueckii subsp. bulgaricus chromosomal DNA was performed using a orfZ-specific 0.5 kb fragment amplified by PCR as a hybridization probe. The primer pair used for PCR was 5' TTTGACTTGGGGATCATG 3' and 5' TTGGGTATGACCAAATAGC 3', and the L clone, carrying part of the orfZ gene, served as the template. The hybridization-positive fragment pool was cloned in E. coli using pJDC9 followed by screening of the orfZ-specific transformants.
For cloning of pepQ, the upstream and coding regions of the pepQ gene were cloned in pJDC9 as a PCR product synthesized with the primer 5' TTGTGCAATCGCTTACAG 3' (p290), designed according to the upstream region of Lb. delbrueckii subsp. l a d s pepQ (Stucky et al., 1995) and with the Lb. delbrueckii subsp. bulgaricus pepQ-specific primer 5' TTTGGCTGCACCGTGTTC 3' (p288, which was derived from a sequenced PCR fragment generated with Lb. delbrueckii subsp. lactis-specific primers from the chromosomal DNA of Lb. delbrueckii subsp. bulgaricus). The missing 3' end and the downstream region of pepQ was identified by Southern hybridization using the above pepQ PCR fragment as the hybridization probe. The resulting hybridization positive 1.3 kb HindIII-SalI fragment pool was ligated with pJDC9 and the ligation mixture was directly used as the template in PCR with the pep&-specific primer 5' ACACG-GTGCAGCCAAATG 3' (p287) and a biotinylated vectorspecific primer. After PCR sequencing of the 3' end obtained, the entire pepQ was synthesized by PCR with the specific primers designed for the upstream and downstream regions of the gene (p290 and 5' ACGATTCAGCTAACGGCG 3', p318) and cloned in p JDC9.
The probes for Southern blots were labelled with digoxigenindUTP (DIG, Boehringer Mannheim) . Hybridizations were performed under high stringency conditions and when necessary with different stringencies (68 "C, 60 "C and 50 "C overnight, followed by washes with 0.5 x SSC, 0.1 '/o SDS at 68 "C, 55 "C and 45 "C). A DIG Luminescent Detection Kit (Boehringer Mannheim) was used for hybrid detection.
DNA sequencing and sequence analysis. Sequencing was performed on an A.L.F. DNA Sequencer (Pharmacia). The dideoxy sequencing reactions (Sanger et al., 1977) were performed according to the AutoRead Sequencing Kit manual (Pharmacia). Both DNA strands were sequenced using pUC19-specific primers and sequence-specific oligonucleotides for primer walking. DNA sequences were assembled and analysed with the PC/GENE programs (release 6.85 ; IntelliGenetics). For homology searches, the databases of EMBL and SWISS-PROT were used both as a CD-ROM version (release 15.0, June 1995) and directly by e-mail with the EMBL BLITZ server.
RNA methods. Total RNA from different phases of growth was isolated from Lb. delbrueckii subsp. bulgaricus cells essentially as described by Palva et al. (1988) and Vesanto et al. (1994) . RNA gel electrophoresis and Northern blots were performed as described previously (Hames & Higgins, l985 Vesanto et at. (1995) with 10 pmol of the oligonucleotide 5' TTCATTGATCGCCGGAGC 3' labelled with fluorescein.
Reverse transcription (RT)-PCR of orfZ mRNA was performed as follows. Two cDNA preparations were synthesized by RT (AMV reverse transcriptase, Promega) using 1.5 pg total Lb. delbrueckii subsp. bulgaricus RNA. The oligonucleotides used in the first-strand synthesis were 5' TTCC-CGGCTCCAGATTCAC 3' (p459) and 5' AGCAGCAAAG-CCATCTTACTG 3' (p174), being complementary to the orfZ-specific mRNA derived from ORF2 and its downstream region (ORF3), respectively. These cDNA samples were phenol-extracted, precipitated and dissolved in 20 pl H,O. Amplifications by PCR were performed with 3 pl cDNA samples. The oligonucleotides 5' ATGTGGCAGAGCCAG-TGGAC 3' (p458) and 5' CAAGTGGGTGATTATCAGC 3' (p234), binding to orfZ (ORF2) and the upstream region of ORF2, respectively, were used with the orfZ-specific primer 459. A PCR reaction was also performed with the orfZ primer 458 and the downstream ORF3 primer 174. As a control for the absence of contaminating DNA, 5 pg total RNA was directly amplified by PCR using the primer pair 458/459.
Peptidase activity assays. Peptidase activity was determined in liquid cultures of E. coli by a coupled enzyme reaction containing peroxidase, L-amino-acid oxidase and 0 -dianisidine (Wohlrab & Bockelmann, 1992) . Cells were disrupted with an Ultrasonic 2000 sonicator (Braun). The reaction volume was 1 ml and samples were incubated at 37 "C for 30-60 min. For characterization studies, enzyme activity was determined by two alternative methods : the iminopeptidase (proline-liberating) activity was determined using the modified method of Troll & Lindsley (1955) as described by Baankreis & Exterkate (1991) . The hydrolysis of peptides not containing proline as the amino-terminal residue was assayed by measuring the release of a-amino acids by the modified cadmium-ninhydrin method described by Doi et al. (1981) . All activity assays were performed with at least two parallel samples. Lb. delbrueckii su bsp. bulgaricus odZ. For overexpression in E. coli, the orfZ gene was synthesized by PCR using primers 243 and 5' AACAAGATGTCTCCAAGCCTG 3' (~179). The 1.7 kb PCR product was digested and ligated as a 1.5 kb EcoRI-Hind111 fragment into the pKK223-3 vector and transferred into the E. coli JMl05 host by electroporation.
Construction of an overexpression system for the
Expression of orfZ was characterized by growing the cells to a density of 50 Klett units (filter 66) followed by 1 mM IPTG induction and estimation of product accumulation over 5 h by SDS-PAGE.
RESULTS AND DISCUSSION
Cloning and sequencing of the orfZ region from fb. delbrueckii subsp. bulgaricus
The 3' end of a gene, here referred to as orfZ, showing significant homology to the Lb. delbrueckii subsp. lactis prolidase gene (pepQ) (Stucky et al., 1995) were found 96 and 7 nucleotides upstream of the start codon (ATG) (Fig. l a ) , respectively. A inverted repeat structure with a AG of -23.5 kJ mol-' (Tinoco et al., 1973) was detected 23 nucleotides downstream of the stop codon, representing a putative weak transcription terminator.
The predicted amino acid sequence of ORF2/orfZ showed 62 % similarity with the PepQ of Lb. delbrueckii subsp. lactis DSM 7290 (Fig. lb) . At the nucleic acid level the corresponding identity was 60%. Since the identity of two proline iminopeptidases, characterized earlier from Lb. delbrueckii subsp. bulgaricus C N R Z 397 (Gilbert et al., 1994) and Lb. delbrueckii subsp. lactis DSM 7290 (Klein et al., 1994) , is 98 YO, the result obtained here suggests that orfZ is not indeed the counterpart of the Lb. delbrueckii subsp. lactis pepQ.
Further analysis of the putative orfZ-encoded protein with the PC/GENE set of programs revealed that the protein would not possess any transmembrane or membrane-associated helices or hydrophobic segments likely to be part of a signal peptide, thus suggesting that OrfZ would be a cytoplasmic protein.
Both O R F l and ORF3 were found to be preceded by a putative promoter sequence upstream of the respective start codons. However, their deduced amino acid sequences did not show any significant similarity with other proteins found in the databases. The plasmid clones obtained (pKTH2145, pKTH2146 and pKTH2147) were sequenced; pepQ was shown to be 1104 bp in length and t o encode a protein of 368 amino acids with a calculated molecular mass of 41 kDa. A putative promoter had two identical -35 regions (TTTTCA) located 13 and 23 nucleotides upstream of
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.. * * * *~* * * * * * * * * * * *~* * * ... *.. * * . * * * * * * * * * * * . * * * * * * * * * CGWLGEDGFHPFTKTRKDLLLL----* t * . . . * * * * * * . * , * * * * * No orfZ-derived transcripts could be detected, even though RNA samples of up to 100 pg were tested (data not shown). However, the presence of orfZ-specific mRNA could be identified by RT-PCR (data not shown). The only PCR product detected was with internal orfZ-specific primers (p458 and p459, see Methods). The primer pair used was orfZ-specific and did not give a PCR product with the isolated pepQ plasmid pKTH2147. No PCR products were amplified by RT-PCR using primers based on sequences located external to orfZ (data not shown). The absence of contaminating DNA in the RNA preparations was also confirmed. These results indicate that orfZ is transcribed as a monocistronic unit. However, the 5' end mapping by primer extension and a subsequent analysis by an A.L.F. DNA Sequencer failed to detect orfZ transcripts (data not shown), further confirming that the expression level of orfZ was extremely low under the growth conditions employed. Instead, the expression of pepQ, and the size of the pepQ mRNA was determined as a function of growth from Lb. delbrueckii subsp. bulgaricus cells by Northern blotting, which showed a 1.1 kb transcript and confirmed that the pepQ gene also forms a monocistronic transcriptional unit (Fig. 2 ).
Furthermore, the highest level of pepQ transcripts per unit dry weight of cells was obtained at the midexponential phase followed by a slow decrease in the relative amount of pepQ mRNAs throughout the remainder of the growth phase (Fig. 2) .
Characterization of the OrfZ and PepQ proteins
T o study the enzymic activity of OrfZ, the orfZ gene in p JDC9 was transferred into the peptidase-negarive E. coli strain CM89, resulting in plasmid pK? H2142.
